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- S&xcr. RESULTS OF GEOLOGICAL MAPPING/FRACTURE STUDIES: TA-s§ AREA

3 OV Square miles (scaje = 1:6,000) around the TA-55 arca has been :
in this report) shows riay the Rendija Canyon ang Gudje Mountain
. eld observations ang fracture studies, “The faults lie within
and 1,500 ft eas : Within this zone, the }
7 ted, I g ! atures include rock fractures, v
f tuff blocks up 1 several feer, and “zipper joings® where sets of 4
rfaces have been down dropped several ormore feor,
;&raﬂéq:s@::mml\n;hppiug and measurement of - i
2roads (Plates 2 and 3) demonstrae notable inicreases in -
8 On fractures over areas of the fault projections The measuromens :
Creases. from background fevels averaging 20 fraciures/100 1 o :
fault zones, Average fracture openings are about 1.0 cm, and v
3 ong these fractures is 3 Similar amoun, making these fractures ;
ne ulative surface deformation caleulareq over the Rendija Canyon
z is about 8.2 hoﬁzomal and 8.6 ft verica, dispersed over 9
? , . ion on the:Guaje Mountain Fault zonc along Eag Jemez Road s -
5.8 ft horizonial and 6.1 ; vertical, spread out over 1,600 horizontal fr,
o Weconclude thay vertical movement of af Jeass 10 £t has likely occurmeq i ‘bedrock below the
“Bandclier Tuff along both of these faults, but that this displacemen js accommodated by fracures -
dispersed overl.OOOhonzomal feet across the faukts in the tuff, S :
& o Werecommend at additionaj fracture Measurements be made along blade cuts into gne tfl
- over the Fault Zonés fiear TA.55, Also our mapping shows 5 considerable hazard of Cliff faifuro ang
o mass Wasting above TA.2, which should be studicg further.
Attachment: g/ 7
o Cy: EES-1, M5 p4s2 :
' Seismtc Hazards File
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RESULTS FROM GEOLOGIC MAPPING AND FRACTURE
MEASUREMENTS AROUND THE TA-s5 AREA

1. Geologic Msap

As part of the study of the geology of the TA-SS site, a geologic map has been prepared from 3
combination of field and aerial photograph studies: al1 mapping was done ag a scale of 1:6,000 (Plate 1).
The map is centered on the TA-55 site, and covers approximately four Square miles. Within this area, the
rocks exposed are all of the Tshirege Member of the Bandelier Tuff (~L.1 m.y. old), with the exceptions of

The map generateq for this project (Plate 1) is based on a mﬁgmphy compiled from seven sections
that were measured through the Tshirege Member, using a steel tape and (for a few portions) Jacob's staff
Fxgﬁm lisa schcmatic'axmmary of’mé‘s:tﬁdgraphy in the map area, colored to match the units in Plate 1.
Representative detaileq stratigraphic columns have been included for Twomile Canyon Just south of TA-55

contacts was maintained in Log Alamos, Mortandad, Twomile, and Pajarito canyons, where field work was
concentrated.

the mineral ang geochemical variations are subtle. Two major subdivisions of rock type were chosen in the
physical stratigraphy: (1) resistanttuff units tha; form cliffs, often with prominent ledge tops, and )
weak tuff units that are readily incised by erosion, leaving ledges on the resistant units below while
undercutting any resistant units above. The principal mechanism of erosion in this area is the undercutting
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In contrast 1o Balrz etal, &rc have subdivided unit 3 and we use the letter b 1o indicate the sof and
generally basal tuffs that appear with Some regularity below many of the chfr-{orming welded poruons of
these units. Unlike Baltz et al., we have not mapped auuvium’whenc the underlying type of tuff can be
determined or reasonably inferred.

The similarity between physical stratigraphy and cocling units occyrs because cooling unis
commonly have welded cores that form resistant cliff—forming intervals. This correlation is not perfect,
however, because vapor-phase alteration hag been Superimoosed on the cooling units of the Tshirege. This
later alteration can affect the resistance of the tuff 1o erosion, particularly in nonwelded tuffs where s, ght

vapor-phase alteration appears to weaken the macroscepic pumices relative to the groundmass, by
thorough vapor-phase alteration tends to make the rock more resistant, Finally, the degree of
hardening” of nonwelded and poory-welded 1uffs during weathering varies within and between units for

2. Map Units (Physical Stratinraphv: see Plate 1)

(units described from top down)

Unit 4: resistant (map color = red; see Fig. 1)

~
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continuoys,

Unit 4b: weak (map color = orange; see Fig, 1)

Unit 3: resistant (map color = yellow; see Fig. 1)

Brown nonwelded (o moderately-weldeqd tuff, thickness 30-100 ft in the map area, Welding is mog;
uucnse 1o the Wcst Of TA-5S, and the upper 20 ft are devitrified ang very dense at the westem margin of (he
map afea. buvtAeven the less-dense nonwelded portions at the eastem margin of the Map arca are resistan;
and cliff-formmg Pumices are as hard as the Sroundmass in welded intervals, and only slightly sofier than

Unit 3b: weak (map color = green; see Fig. 1)

White nonwelded tuff, thickness 15.80 £ in the map area, Vapor-phase alteration is Josg intense than
in unit 3, and the pumices are extremely soft. Macrosc0pic Pumices are also large (typically 2 inches) and
abundant (~20%,),

Unit 2; resistant (map color = blue; see Fig. 1)
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comparable nonwelded tuff uxiits. apparently because of 3 common "casc-hardening" in many areas where
it is exposed. Erosional dcepenx‘ng and canyon widening appears to be more common where stream
botioms occur in the underlying unit |,

Unit 1: weak (map color = violet; see Fig. 1)

Whitc-zo-pink nonwelded o slightly-welded tuff, thickness 300 80(?) ft in the map arca.
Macroscopic pumices (~30% of the wff) are similar in size and abundance to those in unit 2b, bur myen
softer than the groundmass. As in alj overlying units, Vapor-phase alteration js pervasive. The lowest 1.7 « l
at the base of this unit consist of a persistent and mappable pink-colored erosional notch in which the

in this unit are simila: to those in unit 1, €xcept that they remain glassy little or no vapor-phasc alicration)
This lowest unit s the only part of the Tshirege in which vapor-phase alteration is absent, Although baih
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the pumices ang the groundmasg are glassy angd Soft, this uni js generally resistant 1o €rosion and it doeg
form cliffs (probably dye 1o the lack of differentia] hardness between groundmass ang Pumices, as we|] 55
the Susceptibility of the glassy tuff 1o Surface reactiong and "casc-hardcning").

Micrograbens, These fearyres (see Fig. | for mmap explanation) yre Most prominent ang concentrated
in the northwegt part of the Plate | Tap area. They are small graben.|ike Structures, with down-droppcd

]

TA-53
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The significance of the micrograbens is in their apparen; relation (o the Southern projection ¢ he
Rendija Canyon fault arg splays from tha; fault. A set of micrograbens on the no:th side of Los Alumoes

Canyon lies directly along the proje-.ion of the Rendija Canyon fault through Ashley Pond. ang conta n-

Pond was a sag pond.

To the south of South Mesa, micrograbens are fewer and morc Subdued. They appear 10 pe marc
common toward the westemn part of the map area, and Mmay in fact increass in abundance toward the
Pajarito fault zone. Further mapping wouid be required 1o confim this suggestion.

Zipper Joints, The term “zipper joint” ig used to describe sets of incised joints that provide drainagcs
off of the Pajarito Plate ag mesa tops or off of the unit 2 ervsiona shelves into the Canyon bottoms (see Fig.

Jjoints,

On a broad Scale, the zipper Jjoints are disperscd across the Mmap area. However, the most prominent
zipper-joint drainages occyr along Twomile Canyon between TA-48 and TA-66, along Pajarito Canyon
below TA46, and along Threemije Canyon nonth of TA-15. These locations are generally to the south and
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S. Fracture Measurements
==_=2lte Measurements

Fractures are 3 conspicuous featyre of the Bandelier Tuff in the Log Alamos area. Mog; of these
fractures are nearly vertical in orieniation and divide the tyff into roughly p-olygonal-shaped. elongate

cooling fractures, which they also called joints, from tectonic fractures by their slighe variance in
orientation among stratigraphic units, as well as their occurrence in three general trends in strike: (1) N7ow
to NSOW; (2) NIow to N30W; and (3) N30E 10 N50E, These workers noted typical dips in the range of

-
e
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circumvent the need to distinguish cooling fractyre Joints from tectonic fractures in the field, leaving (hat
problem to stagstical analysis of their Mmeasurements

Fractures are documenteqd by fracture maps, constructed from polaroig photo- mosaics (Plates 3 angd
4). Each photo covers about 15 ft of rock exposed along measured lines. Gaps in road-cut exposures have

(WOHLETZRS USERHOMB]@kcn@ tass),
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Fracture Abundances, [n, order 10 asses linear viriations of fracture abundances, called lincea;
density, the number of fractures €ncountered in 10 arg 100 ftintervais around cach fraciure WLz
Calculated by a RS/} procedure called "DENS3." “hese data are shown as a funcuon of location along cach
of the two measured lines (Figures # and 5). The 10-foor linear density curve best fepresents what a casyz
observer would see along these road cuts, which i that there Is no zpparen; vaniation in lincar densuy alon;
the lines, However, the 100-foot density curve shows some importan; peaks. {

Along Pajarito Roag (Figure 4), two Peaks occur, one near the old turnoff 1o TA-48 and onc Just south
Of TA-55. The latter of these peaks with valyes Of 25 10 4C fracrures per 100-foot interval js along stnke of

latter peak (24 19 50 fractures per 100-foot interval) corresponds in location to the trace of the GME The
former peak might reflect the Proximity of the RCF, which is Projected 1o be about 1000 ft west of 1y«
line, or Possibly a branch faylr running west-northwest along the road connecting the RCI}' and thc GMF

produced notches whers fracture density is highest. t
|
Fracture Strikes and Dips. Table 2 lists average strikes and dips for fractures measurcg along
Pajarito Road and East Jemez Road. If all the fractures belong to conjugate NE and Nw trending sers

Caused by cooling contraction, an approximately cqual number of cach ig expecied. However this is not the
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and 244 1o the NW set.

Table 2. Fracture Data®*.

Number Strike Dip Width Cumulative Width

Pajarito Road

Al 704 NI6E (48) 76 (19) 1.81 (4.52) 905.85

NE 460 N4SE (25) 73 (20) 1.81(5.19) 585.40

NwW 244 N39W (27) 81 (14) 1.81 3.04) 320.45
East Jemez Road

AL 921 N4E (48) 75 (18) 0.92 (1.74) 850.85
NE 520 N39E (26) 75 (18) 1.01 (1.89) 524.85
NW 401 Naw 27 75 (18) 0.81 (1.53) 326.00

NE fractures outhumber NW fractures by about 2.16:1, an
areas not suspected of being ﬁffectcd by fault zones,

d over the GMF zone, this ratio is 1.69:1. Over
such as along section 4 on the East Jemez Road, the

g
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cumulative fracture opening along this line is 9.06 m, 3.56 m accounted for across the RCF branch and
2.45 m across the RCF. Figure 13 shows fracture opening per 100-foot interval along the i’ajan’to line, and
noticeable peaks occur over projected fault traces. Across the RCF opening of NW fractures is greater than
that of NE fractures. The opposite relationship however is apparent across the fault branch, with NE
fractures showing the greatest opening. i

There are several zones along the Pajarito Road line of notable fracture openings wl;crc fractures are
filled with or adjacent to brecciated rock and possibly gouge. Figure 14 shows the locations and openings
of fractures that are filled with over 10 cm of breccia or detritus for the Pajarito Road;,li'ne. There are
noticeable occurrences over the RCF and the RCF branch. Specific examples over the R - branch include
fracture number 22 (Plate 2, section P2A), which consists of two fracturcs separated by 1.26 m of detrital
fill and breccia, fracture 43 (Plate 2, section P2A) with an opening of 15 cm filled with breccia, and fracture
4 (Plate 2, section P1), which is two fractures scparated by a 68 cn wide zone of rubble, and a zone of
completely broken tuff 2 m wide but with no measurable fracture surfaces between fractures 6 and 7 (Plate
2, section P3A). Possible fault breccia and gouge zones over RCF exist between fracture % and 6 (Platc 2,
section P4A), between fractures 54 and 68 (Plate 2, section P4A), and between fractures 83 and 83 (Platc 2,
section P4B). Across Pajarito Road from sections P4A and P4B, 3 brecciated zone 90 cm wide exists
between fractures S and 6 (Plate 2, section P5A), another breccia zone over 1 m wide exists between
fractures 23 and 26 (Plate 2, section P5A), fracture 39 (Plate 2, section PSB) has 15 cm of breccia fill, and a
breccia zone between fractures 64 and 65 (Plate 2. scction PSB) has S parallel fractures in a crumblcd zone
about 1 m wide. These zones on section PSA and PSB correlate in relative location to zones identificd in
sections P4A and P4B.

Along the East Jemez Road line, average fracture opening widths (Figure 15) are about 0.9 cm. There
is an apparent decrease in width to about 0.4 cm in crossing the GMF from west 10 cast In general Nw
fractures are opened slightly more than NE ones, although for the cumulative fracture opening along this
line of 8.5 m, 525 m is accommodated by the NE set while only 3.26 m is due to the NW set (Tablc 2),
because there are fewer NW fractures than NE ones. Figure 16 shows fracture opening per 100-foot
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interval along this line, by there is finge indicat:op Of greater opening acrpgg the GMF, probahly a5 5 e

of the Jack of road-cy; €Xposure there.

=74.87 degrees, average Opening = 0 9p cm, 199 fracturcs) indicates 5 total Cumulative veruga|

i - Ta.z3
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rupture is diffuse and difficult to recognize.

6. Topographic Gradients

Topographic gradients are commonly affected by fault movements. Along mesa tops where the
regional gradient slopes at a few degrees easterly, there are a few very gentle inflection points of this

likely diffused over distances of several hundred feet, there might be slight changes in topographic
gradient. Figure 18 shows me'sa iop elevations from west to cast on Los Alamos Mesa (Trinity Drive - DP
Road), South Mesa, Sigma Mesa, and Mesita Del Buey (Pajarito Road), Topographic gradient inflections
are prominent at areas where the RCF and GMF are projected. The same is true for Twomile Mesa,
Twomile Mesa (south), and Pajarito Mesa (Figure 19). While the topographic effect of the RCF is greatest
10 the tiorth it becomes less dxs‘?mit to the south, while the Opposite is true for the GMF, which is expressed
by captured drainages Canyons that develop on its trace,

Geological Structure 17
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Alamos canyon.

Stream Gradients, Stream gradients in the area of Plate 1 my
Positions of the RCE and GMF (Figs, 21-25). The Sandia Canyon gragi
Canyon gradien; (Fig. 23) both have sharp increases where the sere.

Geological Structure




Y

washed clean by water hoses. This method could €xpose fractures in a regular fashion such that
Mceasurements could be made similar to those on road cuts.

Further work should be done in Lo
above TA-2 has been mapped only in rec

s Alamos Canyon. In particular,

the large slide bloc forming

he most prominent example in

hs mapped area includes Study of
and dctailgd topographic surveys of
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- Plate l; Geol'ogical map of the Pajarito Plateay around TA-5S.

Plate 2.'-§Fracwre maps along Pajarito Road. Green lines denote NW stnking fractures, red lines denotd NE

-55 area. Th:scolumn senes'as: e

stnking fractures. rcd lmcs denotc '

stratxgmphy of the Tshxmgc:'Mcmbcr




8. Variation of fracture Strikes along Pajarito Road, showing averaged (s
fracures ang for NE and NW serg.
9. Variation of fracture Strikes along Eag: Jemez Roag, showing averaged
all fractures gng for NE ang NW sets
10. var
NE
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could have caused this break in slope.
21. Los Alamos canyon gradient,
| 22 Sandja‘ canyon gradient.
23.  Mortandad canyon gradient.
- 24, T§vo milc/Pajgrito canyon gradient.

25. Pajarito canyon gradient.
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